The aim of the present study was to estimate (co)variance components and genetic parameters for average daily gain from birth to weaning (ADGa), weaning to 6 months (ADGb), weaning to 9 months (ADGc), 6 months to 9 months (ADGd) and corresponding Kleiber ratios (KRa, KRb, KRc and KRd) in Mehraban sheep. A derivative-free algorithm combined with a series of six univariate linear animal models was used to estimate phenotypic variance and its direct, maternal and residual components. In addition, bivariate analyses were done to estimate (co)variance components between traits. Estimates of direct heritability (h 2 ) were 0.10, 0.11, 0.16, 0.09, 0.13, 0.13, 0.15 and 0.08 for ADGa, ADGb, ADGc, ADGd, KRa, KRb, KRc and KRd, respectively and indicate that in Mehraban sheep genes contribute very little to the variance of the growth rate and Kleiber ratio. Estimates of maternal heritability (m 2 ) were 0.10, 0.08 and 0.05 for ADGa, KRa and KRb, respectively. Direct additive genetic correlations ranged from −0.32 (KRa-KRd) to 0.99 (ADGb-KRb) and phenotypic correlations ranged from −0.53 (ADGaADGd) to 0.99 (ADGa-KRa). Estimates of direct heritability and genetic correlations show that genetic improvement in efficiency of feed utilization through selection programmes is possible, though it would generate a relatively slow genetic progress.
Introduction
In 2007, the sheep population in Iran reached 25 million heads (Sefidbakht 2011) . This large population is mainly reared for meat production to provide a part of the protein requirements of a population of 75 million people. In recent decades, many breeding programmes targeting the growth performance have been planned and performed in most of the Iranian sheep breeds. Reviewing the results of these selection programmes reveals noticeable genetic improvement (see Ghafouri-Kesbi et al. 2009 for example). However, in Iran sheep production is highly dependent on pasture production. The decrease in winter and spring precipitation diminishes the quantity and quality of the pasture, thereby limiting the efficiency of selection programmes. In addition, reduction in pasture area in the last decades have forced the government to withdraw the livestock from forest and range areas and develop intensive systems which in turn significantly increase the cost of sheep production. A strategy to increase the efficiency of meat production in both the traditional and intensive systems is the selection of animals with respect to efficiency of feed utilization. Since individual sheep differ in their ability to efficiently utilize feed, selecting the most efficient animals, those with lower maintenance requirements, results in a significantly lower production cost (Ghafouri-Kesbi et al. 2011) . Direct selection for lower maintenance requirements is difficult. However, measures of feed efficiency such as Kleiber ratio (KR; Kleiber 1947) would be used to achieve this goal (Arthur et al. 2001) . The KR, defined as growth rate divided by body mass 0.75 (metabolic weight), has been recommended as an indirect selection parameter for feed conversion. Results show that a part of variation among animals concerning the KR is heritable (h 2 =0.01-0.15). In addition, Arthur et al. (2001) found a strong correlation between KR and feed conversion ratio in bulls (−0.81). Furthermore, there is a positive genetic correlation between KR with traits related to growth (Abegaz 2005 , Ghafouri-Kesbi et al. 2011 . These findings show that improvements in feed efficiency could be made without negatively affecting body weight or growth rate.
Mehraban sheep is one of the important Iranian sheep breeds, numbering approximately 3 million heads and is adapted to harsh and rocky environment in the western parts of the country. Today, a large percentage of the Mehraban sheep population is raised in the Hamadan province. The breed is fat-tailed, large-sized, has carpet-wool with light brown, cream or grey colour and is primarily used for meat production. Due to the large population of Mehraban sheep, there is an increasing interest for genetic improvement of this breed.
In order to make genetic improvement in growth rate and Kleiber ratio, knowledge of genetic parameters such as heritability and genetic correlations among traits are required. This genetic information is used to construct efficient selection indexes to achieve genetic improvement in the traits of interest through selection programmes. Although genetic parameters for growth traits and Kleiber ratio have been estimated for some breeds of sheep (Abegaz 2005 , Mohammadi et al. 2010 , Jafaroghli et al. 2010 , Ghafouri-Kesbi et al. 2011 , SavarSofla et al. 2011 , Mokhtari et al. 2012 , no previous information on the genetic parameters of growth rate and Kleiber ratio in Mehraban sheep is available. Therefore, the aim of this paper was to estimate necessary genetic parameters for growth rate and Kleiber ratio for Iranian Mehraban sheep.
Material and methods

Data
Live weight records of Mehraban lambs were used in this study. The data were obtained from the RAMPLANE database of the Mehraban sheep breeding unit of the Agriculture Organization of the Hamadan province. For genetic improvement of Mehraban sheep and increasing its growth performance, the RAMPLANE project was started in spring 1989 by the Agriculture Ministry of Iran. In this project, artificial insemination (AI), which is in progress, is used to conceive ewes with semen of selected sires. Artificial insemination makes genetic connectedness among flocks which is necessary for accurate genetic evaluation. Most of the lambing takes place in March and April. During the lambing season, the ewes are indoors and carefully managed. At lambing, lambs are weighed and ear-tagged within 12 hours after birth. During the suckling period, lambs are fed with ewes' milk and also allowed to access dry alfalfa at 3 weeks of age. Lambs are weaned for 90 days on average. Animals are maintained under semi-extensive farm conditions and generally allowed to graze on range which is medium in vegetation of such genera as Artemisia, Astragalus, Brumus and Stipa. Range conditions are poor during the late autumn and winter months and therefore, the sheep receive supplemental feed for 6 months of the year. During this period, sheep have ad libitum access to alfalfa hay and some concentrates. Ewes are kept in the flock for a maximum of six parities. However, ewes that did not lamb in any season as well as sick ewes are culled sooner. Selection of young rams is based on body weight and body conformation.
Traits considered
The increases in weight for the different growth phases, namely birth to weaning, weaning to 6 months, weaning to 9 months and 6 months to 9 months of age were used to calculate ADGa, ADGb, ADGc and ADGd, respectively, as total gain divided by the number of days in the period. These were used to calculate corresponding Kleiber 
Statistical analysis
To identify fixed effects to be included in the models, least square analyses were conducted using the GLM procedure of SAS 9 (SAS Institute Inc., Cary, NC, USA). This was performed on a model including fixed effects of herd, year of birth, season of birth, age of dam, sex of lambs and type of birth. All these fixed effects were significant (P<0.05) for all traits and were included in the models. A series of six univariate linear animal models was considered that differed in the (co)variance components fitted to assess the importance of maternal effects ( Table 2 ). The models expanded from a simple animal model (Model 1) to a comprehensive maternal effects model (Model 6). The general representation of the most complete animal model (Model 6) used in the analyses was as follows: 
where y is the vector of phenotypic observations for each trait and β is the vector of fixed effects to be fitted with associated matrix X. , where I nd and I n are identity matrices of order equal to the number of dams and number of records, respectively. The direct additive genetic effects, maternal permanent environmental effects and maternal genetic effects were related to individual records with the corresponding incidence matrices Z 1 , Z 2 and Z 3 , respectively.
Estimation of (co)variance components was carried out using a derivative-free algorithm using the DFREML-package (Meyer 2001) . The Akaike information criterion (AIC) of Akaike (1973) was computed to rank the models. Let p denote the number of random (co)variance parameters to be estimated and Log L the maximum likelihood, then the information criterion is defined as: AIC = −2 Log L + 2p. The model yielding the smallest AIC fits the data best.
(Co)variance components between traits were estimated from bivariate analyses. The models applied in bi-variate analyses were those fitted for each of the underlying traits in the univariate analyses.
Results and discussion
Mean, standard deviation and coefficient of variation of traits studied with a summary of pedigree structure are shown in Table 1 . As shown, in the pre-weaning period animals have the maximum growth rate (191.3 g/day). Ghafouri-Kesbi et al. (2011 ), Savar-Sofla et al. (2011 and Mokhtari et al. (2012) reported similar findings. The same results were observed regarding the Kleiber ratio, with a maximum in the pre-weaning growth phase concomitant with the less coefficient of variance. Maternal care and the genetic potential of lambs are two factors which affect the early growth of lambs. In the pre-weaning period, animals are fed by their mother's milk and are less affected by environmental conditions. It reflects in minimum phenotypic (CV=19.8) which shows less responsiveness to environmental effects. After weaning, lambs lose maternal support and their growth depends on availability of feed and grazing resources. Unfavourable environmental conditions decrease feed resources, thereby limiting the lambs' growth. As a result, differences among lambs' performance regarding growth and efficiency of feed utilization cannot be realized very well during the pre-weaning growth phase because good maternal care can cover a poor genetic potential of lambs and vice versa.
Estimates of variance components and corresponding genetic parameters for traits studied are presented in Table 3 . With respect to growth rate, estimates of direct heritability (h For KRa, KRb, KRc and KRd, estimates of h 2 were 0.13, 0.13, 0.15 and 0.08, respectively, which fall in the range reported for different breeds of sheep (0.01-0.15; Mohammadi et al. 2010 , Ghafouri-Kesbi et al. 2011 , Savar-Sofla et al. 2011 , Mokhtari et al. 2012 . For pre-weaning KR, estimates of h 2 range from 0.04 (Arman sheep, Mokhtari et al. 2012) to 0.15 (Sanjabi sheep, Mohammadi et al. 2010 ) and for post-weaning KR estimates of h 2 range between 0.01 (Moghani sheep, Savar-Sofla et al. 2011) and 0.10 (Zandi sheep, Ghafouri-Kesbi et al. 2011) . Albeit, estimates of heritability for a trait can differ between sheep breeds and may change slowly over time. Literature estimates of h 2 reveal that in sheep, the Kleiber ratio is a substantially low heritable trait. In goat, reports are a bit higher than in sheep (0. 13-0.35, Van Niekerk et al. 1994 , Supakorn & Pralomkarn 2012 
for Kleiber ratio have been reported. For example, Köster et al. (1994) reported estimates of h 2 ranging from 0.22 (KR at 205 days of age) to 0.54 (KR at 365 days of age) in Herford breed. These results show that estimates of heritability are both breed-and species-specific.
According to current results, pre-and post-weaning growth rate and Kleiber ratio in Mehraban sheep are categorized as low heritable traits. Therefore, a low genetic progress would be expected through selection programmes. If a trait is only 10 % heritable, then 90 % of differences between animals would have been of non-genetic origin. For low heritable traits, where h 2 is below 0.15, an animal's performance is much less useful for identifying the indi viduals with the best genes for the trait (Cassel 2009 ). For this reason, selection for both growth rate and Kleiber ratio in Mehraban sheep should be according to estimates of breeding values (Janssens & Vandepitte 2004) .
Among the traits studied ADGa, KRa and KRb were affected by maternal effects. Estimates of maternal genetic effects (maternal heritability, m 2 ) were 0.10, 0.08 and 0.05 for ADGa, KRa and KRb, respectively. These findings are in consonance with other reports (Abegaz 2005 , Szwaczkowski et al. 2006 , Mohammadi et al. 2010 , Ghafouri-Kesbi et al. 2011 , Savar-Sofla et al. 2011 , Mokhtari et al. 2012 . Maternal genetic effects arise from allelic differences between individual mothers at loci influencing offspring phenotype and are a heritable component of phenotypic variance themselves. It can dampen (when direct maternal genetic covariance is negative) or accelerate (when direct maternal genetic covariance is positive) the response to selection (Wolf et al. 1998) . As shown in Table 3 , for ADGa maternal heritability is equal to direct heritability (0.10 vs. 0.10). It shows that genes contributing to maternal performance have an equal influence on the early growth of lambs as genes carried by lambs. If maternal genetic effects are not considered, the true genetic potential of lambs is masked by maternal performance making it difficult to select superior animals. As a result, maternal effects should be included in the model to obtain accurate estimates of genetic parameters and to have accurate estimates of breeding values, in particular where animals are evaluated for traits related to early growth. Estimates of different correlations between traits are presented in Table 4 . Direct additive genetic correlation between traits ranged from −0.32 (KRa-KRd) to 0.98 (ADGa-KRa) and phenotypic correlations ranged from −0.53 (ADGa-ADGb) to 0.98 (ADGa-KRa) in agreement with Ghafouri-Kesbi et al. (2011 ), Savar-Sofla et al. (2011 and Mokhtari et al. (2012) . Genetic and phenotypic correlations decrease as the age distance between measures increases. In particular, the genetic correlation between adjacent measures approaches unity. Positive correlation means that selection for growth rate not only improves the growth rate of animals but also the efficiency of feed utilization. The genetic correlation of traits is independent of their heritability, i.e. two traits can have a very high genetic correlation even when the heritability of each is low. However, when the difference between heritability of two traits is Table 4 Correlations between traits studied yielded from bivariate analyses high, the genetic correlation will be overestimated and should be treated with caution. The genetic and phenotypic correlations between ADGa with KRa and KRb and between ADGb with KRa and KRb are highly positive, indicating that lambs with a higher growth rate are supposed to be more efficient users of feed and by selecting them, the biological efficiency of the flock will be improved.
In conclusion, traits studied experienced low additive genetic variation. In spite of this, they can be used in a selection index to select superior animals because in addition to the heritability, genetic correlation between the interested trait with other traits and economic weight of the trait are important to allow a trait to be included in the selection index. The high economic weight of the trait can compensate its low heritability. Finally, since traits have a low heritability, selection of animals should be based on their breeding values.
